Introduction
to adults without COPD in the general population. [5] [6] [7] [8] The costs associated with COPD are a major economic burden in the US. 9 According to a recent study by the Centers for Disease Control and Prevention, the direct and indirect costs will rise from ~$32 billion a year in 2010 to ~$49 billion annually by 2020. 10 Although nonsmoking-related factors, such as environmental, occupational, and genetic predisposition, cause COPD, cigarette smoking continues to be a major risk factor for COPD, accounting for as many as nine out of ten COPD-related deaths. [11] [12] [13] [14] [15] [16] [17] In a recent study using data from the 2011 Behavioral Risk Factor Surveillance System (BRFSS), nearly half (47.3%) of adults with COPD were current smokers compared to 20% of adults with no chronic conditions who were current smokers. Further, among the current smokers with COPD, ~40% did not make an attempt to quit smoking during the past year. 18 This is particularly concerning because of the smoking-associated decline in lung function that affects the burden of COPD and results in poor quality of life. [19] [20] [21] [22] According to the Global initiative for chronic Obstructive Lung Disease guidelines, smoking cessation is the key intervention for all COPD patients who are current smokers. Smoking cessation can prevent COPD exacerbations and improve health status. 23 HRQOL is a multidimensional construct comprising an individual's subjective evaluation of general, physical, emotional, and social aspects of health and well-being. 24, 25 It is increasingly used by clinicians and researchers as an outcome of interest in patients with COPD and other chronic conditions, as it provides the patients perspective on their health status. To date, several studies conducted in the US have documented the association between COPD and HRQOL by comparing the HRQOL of COPD patients with the general population. [6] [7] [8] While some studies conducted outside of the US examined the association between HRQOL and COPD severity, [26] [27] [28] other studies examined the association between smoking cessation and HRQOL. 22, 26, [29] [30] [31] Recently, a study by Galaznik et al examined the burden of smoking on quality of life in patients with COPD using national data from the 2009/2010 US National Health and Wellness Survey. 22 However, the findings from these studies have been mixed. For example, the study by Stahl et al reports no significant difference in HRQOL by smoking status, 26 while other studies reported significant differences in HRQOL by smoking status. 30, 31 Moreover, the factors associated with current smoking in COPD patients and any differences by sex have not been fully elucidated.
To better understand the HRQOL in current smokers versus former smokers among COPD patients diagnosed by spirometry and identify the sociodemographic characteristics and other factors associated with current smoking, the current study used data from the 2011 and 2012 BRFSS, a large national sample of US adults living with COPD. Identifying the characteristics of current smokers with COPD may help health care providers design more effective behavioral interventions which tailor to and target specific subgroups for smoking cessation.
Methods

general study design and population
The BRFSS is a federally funded telephone survey designed and conducted annually by the Centers for Disease Control and Prevention in collaboration with state health departments in all 50 states, District of Columbia; Puerto Rico; the US Virgin Islands; and Guam. The survey collects data on health conditions, preventive health practices, and risk behaviors of the adults selected. 32 The BRFSS methods, sample selection, including the weighting procedure and technical information, are described elsewhere. 33, 34 All BRFSS questionnaires, data, and reports are available at http://www.cdc.gov/brfss/. Data for this study were obtained from the 2011 and 2012 BRFSS landline and cell phone data. In 2011, 21 states, including District of Columbia, and Puerto Rico, and in 2012, 13 states administered the optional BRFSS COPD module.
COPD
In the 2011 and 2012 BRFSS annual surveys, all individuals were asked the core question about their history of COPD. Individuals with an affirmative response to the question "Has a doctor, nurse, or other health professional EVER told that you have chronic obstructive pulmonary disease (COPD), emphysema or chronic bronchitis?" were identified as having COPD (n=22,633). Of these, 16,602 individuals reported being given a breathing test, such as spirometry, to diagnose COPD.
Current smokers versus former smokers
Smoking status was identified using the four-level smoker status variable provided in the BRFSS data. Current smoker was defined as someone who smoked at least 100 cigarettes in his or her entire life and who currently smokes every day or some days. Former smoker was defined as having smoked at least 100 cigarettes in his or her entire life and currently never smokes. Never smoker was defined as not having smoked at least 100 cigarettes in his or her entire life. For the purposes of this study, the sample was restricted to individuals who were either current or former smokers (n=12,926). 
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hrQOl in current smokers with COPD hrQOl Four HRQOL indicators were examined in this study: general health, physical health, mental health, and activity limitations. General health was assessed by asking participants to rate their overall health. Possible responses were "excellent", "very good", "good", "fair", or "poor". The responses were dichotomized into two groups: "excellent/very good/good" and "fair/poor". Physical health, mental health, and activity limitations were assessed by asking participants to self-rate their health in the past 30 days: "Now thinking about your physical health, which includes physical illness and injury, for how many days during the past 30 days was your physical health not good?" (physical health); "Now thinking about your mental health, which includes stress, depression, and problems with emotions, for how many days during the past 30 days was your mental health not good?" (mental health); and "During the past 30 days, for about how many days did poor physical or mental health keep you from doing your usual activities, such as self-care, or recreation?" (activity limitations). Responses were dichotomized into ,14 (infrequent) and $14 (frequent) unhealthy days for each indicator. The dichotomy of the HRQOL responses has been widely used in several studies using the BRFSS data. 24, 35 The HRQOL questions have been shown to have validity and reliability for population-based studies. 36 sociodemographic factors and covariates of interest Sociodemographic variables: age, sex, ethnicity, marital status, education, employment, binge drinking, and exercise and covariates: number of comorbidities, having a health plan, having a primary care provider, routine checkup, not seeing a doctor due to cost, visiting a doctor about shortness of breath, quality of life affected due to shortness of breath, been to the emergency room for COPD, and taking medications for COPD were considered in this study. Of the 12,926 individuals, 1,963 were excluded due to missing data on at least one of the variables considered in this study. This resulted in 10,963 participants with complete data.
statistical analysis
Primary analysis examined the HRQOL indicators in association with smoking status. A secondary analysis identified the sociodemographic characteristics associated with current smoking status. A stratified analysis was conducted by sex to examine potential sex differences with respect to the association between smoking status and HRQOL and sociodemographic characteristics. Sampling weights provided in the 2011 and 2012 BRFSS public-use data that adjust for unequal selection probabilities, survey nonresponse, and oversampling were used to account for the complex sampling design and obtain population-based estimates which reflect US noninstitutionalized adults.
To describe the characteristics of the study population, weighted prevalence estimates and corresponding 95% confidence intervals (CIs) were computed. Logistic regression models were used to estimate the unadjusted and adjusted prevalence odds ratios and 95% CI in both analyses. Adjusted analyses included age in years, sex, ethnicity, marital status, level of education, employment status, number of other chronic conditions, physical activity, binge drinking, health care access and utilization, and COPD-related factors (if quality of life was affected by shortness of breath, emergency room visit or hospitalization, visit to a doctor for shortness of breath, and if on COPD medications). All analyses were conducted in SAS 9.3 (SAS Institute Inc., Cary, NC, USA) using SAS survey procedures (PROC SURVEYFREQ, PROC SURVEYMEANS, PROC SURVEYLOGISTIC) to account for the complex sampling design. A two-sided P-value ,0.05 was considered statistically significant.
Results
sample characteristics
Of the 16,602 individuals with COPD diagnosed by taking a breathing test, such as spirometry, 39.8% (95% CI: 38.3%-41.4%) were former smokers (n=7,572) and 37.9% (95% CI: 36.3%-39.5%) were current smokers (n=5,354). Table 1 describes the characteristics of former and current smokers with complete data (n=10,963), weighted prevalence estimates, and corresponding 95% CI, overall and by smoking status. At the time of the survey, the average age of all adults in this study was 58.5 years, 53.3% were female, 80.1% were White non-Hispanic, and 52.7% were single. Only 10.7% of participants were college graduates and 24.2% employed. Eleven percent of those with COPD were binge drinkers, 57.0% exercised, and 72.2% had one or more chronic conditions. And, 88.0% had a health plan, 90.3% had a primary care provider, 66.9% took medications for COPD, 47.2% visited a doctor due to shortness of breath, 70.4% reported shortness of breath affecting their quality of life, 18.6% had been to the emergency room or hospital for COPD, 78.5% had a routine checkup within the year, and 24.1% did not see a doctor due to medical cost. The prevalence of current smoking was 47.9% in males and 49.7% in females.
Compared to former smokers, current smokers were significantly younger (52.4 vs 64.3 years), were more likely hrQOl About 57% of adults with COPD reported "fair/poor" general health and 45%, 31%, and 33% reported frequent days of poor physical health, poor mental health, and poor activity limitations correspondingly. Compared to former smokers, current smokers reported significantly higher proportions of frequent days of poor physical health (48.3% vs 41.8%), poor mental health (41.4% vs 21.1%), and poor activity limitations (38.7% vs 27.4%). "Fair/poor" general health was marginally significant between former and current smokers (Table 1) .
Model-based prevalence odds ratios for hrQOl among current smokers Tables 2 and 3 
2216
Cheruvu et al
Discussion
Smoking is a major public health problem among COPD patients as it comprises patients' overall health and quality of life and impacts the health care system. This study has three important findings: 1. First, this study confirms results from a previous study by Galaznik et al which reported poorer HRQOL among COPD patients who currently smoke compared to former smokers. 22 The difference between the study by Galaznik et al and the current study is that former smokers were defined as those who had quit .10 years prior to when the survey was administered. The researchers also found that current smokers and those who quit smoking for 10 years or less had similar HRQOL. As data on duration of smoking cessation among former smokers were not available in the current study, former smokers were defined as having smoked at least 100 cigarettes in their entire life but currently do not smoke. Therefore, our findings suggest current smoking may have a stronger effect on poor HRQOL than reported previously. Also, the current study findings are contrary to the reasoning that current smokers might have COPD that is less severe than former smokers and therefore HRQOL may be better in current smokers. 37 This is evidenced by the finding that current smokers reported impaired HRQOL on all four domains. In a recent study by Paap et al, physical health and social health (activity limitations) emerged as important subdomains of HRQOL in patients with COPD. 38 This further reinforces the importance of smoking cessation in patients with COPD to help improve their overall quality of life. 2. Second, this study identified the subdomains of HRQOL most affected by current smoking across sex in COPD patients diagnosed by a breathing test. General health and activity limitations in males and physical health, mental health, and activity limitations in females were significantly impaired due to current smoking. A possible explanation for sex differences in impaired HRQOL with females experiencing more subdomains of impaired HRQOL than males may be because females may be more susceptible to the detrimental effects of smoking. 39 3. Third, this study identified the sociodemographic characteristics of current smokers and how those differed across sex. Consistent with previous findings, 22 this study identified that current smokers were more likely to be single/unmarried, have less than a college education, not exercise, binge drinking, and not have a health Factors associated with current smoking among individuals with COPD . Age was inversely related with current smoking. There was no association with race. Although sex was not associated with current smoking, when stratified by sex, marital status, and education were significantly associated with current smoking in both males and females. Married adults and college graduates were less likely to be current smokers. Additionally, in males, being unemployed, binge drinking, and not having a health plan were associated with current smoking. In females, no physical activity was significantly associated with current smoking. 
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Cheruvu et al plan. When stratified by sex, being single/unmarried and having less than a college education were predictors of current smoking in both males and females. In addition, unemployment, binge drinking, and not having a health plan in males and no physical activity (exercise) in females were significant predictors of current smoking. To our knowledge, this is the first study, using national data, to report sociodemographic factors associated with current smoking across sex in patients with COPD. In a recent study by Lou et al, smoking abstinence rates were significantly higher in participants receiving behavioral intervention than those receiving usual care. 40 The sociodemographic characteristics identified in this study across sex will help design effective behavioral interventions for smoking cessation. Although this study has strengths and important findings, it is acknowledged that it has some limitations. First, the cross-sectional nature of the BRFSS data prevents interpretations about the temporal sequence of the association between current smoking and poor HRQOL. Second, BRFSS data are based on self-report and therefore may be subject to recall-bias for certain types of responses. Finally, the duration of current smoking, duration of smoking cessation among former smokers, and the COPD severity or treatment were not available in the BRFSS data for inclusion in the analysis.
Conclusion
In summary, these findings confirm that in COPD patients diagnosed with spirometry, current smoking was significantly associated with poorer HRQOL. The subdomains of HRQOL most affected by current smoking differed by sex except activity limitations, which was affected in both males and females. The sociodemographic factors associated with current smoking also differed by sex except being unmarried and having less than a college degree, which were also associated with current smoking in both males and females. These findings have important implications for the health care providers in helping them design more effective behavioral interventions which tailor to and target specific subgroups for smoking cessation.
